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UHER EXPAimSR 

This inveatlon relates to a constant force spring device, and 
more particularly, to a device for expanding a zaetaUlc Uner wherein an 
expanding die Is urged against the liner hy a constant force spring device. 

Heretofore, a osthod and apparatus have been developed for 
Installing an expanded metallic liner in an oil veil or other conduit. 
O^lcally, a corrugated steel Uner is inserted in a conduit vhlch Is to be 
lined, the greatest peripheral dimension of the Uner being slichtly less 
than the Inside diameter of the conduit. An expanding tool is passed 
through the liner placed in the conduit, and a first- stage expanding die 
causes a gross plastic deformation of the liner, Khlch is expaodBd, outwanUy 
against the Inside of the conduit. A second- stage die on the tool then 
provides an additional finer deformation of the liner to provide a smoother, 
more finished surface on the Inside of the Uner and to assure more cos^lete 
contact between the conduit and the liner. In a typical design of this type 
expanding tool, the frictional drag of the first-stage die supplies the 
expanding force for the second-stage die, which e3q;>anding force is a direct 
function of the strength, or wall thickness, of the conduit in which the 
liner is being installed. For example, in Unlng oil weU casing, heavy 
wall casing may cause a very high frictional force which results in excessive 
pressure being required to push the expander through the liner. The 
application of the great forces required may result in rupture of the casing 
or in breaking the InstaUlng tool. In instances where the internal 
diameter of the conduit is somewhat less than that anticipated, the result- 
ing forces can cause the tool to beccoe stuck in the casing, or otherwise 
cause damage to the casing and the tool. In other designs, such as vhere 
a cantilever spring arrangement is enqployed in connection with the second- 
stage die, various difficxilties are encountered in obtaining a spring 
mechanism having the desired strength in combination with the other spring 
characteristics, and with the tool dragging against the inside wall of the 
conduit after being passed through the Uner. 
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since tools of the type mentioned above often are eaployed In veils 
deep In the ground. It Is highly preferable that a tool be used which under no 
circumstances vill become stuck In the veil or cause danage to the well. Any 
such trouble occurring in a veil can result In considerable loss In time and 
great expense in making repairs. 

An object of the present Invention Is a device for applying a con- 
stant force to an expanding die or other similar apparatus so that a pre- 
selected maximum force Is exerted against a vork piece. Another object Is an 
improved expanding tool for installing metallic liners in a conduit, which 
expanding tool can apply no greater than a predetermined force to the liner 
being installed in the conduit. Still another object of the invention Is an 
economical and easily fabricated constant force spring device. A further 
object is a rugged, easy-to-opernte expanding tool employing such a spring 
device. These and other objects of the Invention vlU become apparent by 
reference to the following description of the Invention. 

In accordance with the present invention there is provided a con- 
stant force spring device which comprises a body member, an elongated column 
element adjacent said body member, bearing plate members contacting the two 
ends of said column at least one of said bearing plate members being longl- 
tudlnally movable in respect of the other and stop means on said body member 
to limit the deflection of said column element to prevent peraanent deforma- 
tion of said column element upon the application of a compressive load 
thereto. In one embodiment of the invention, the foregoing constant force 
spring device Is employed In a tool for expanding a metallic liner inside 
a conduit, said constant force spring device being positioned on said tool 
to urge an expanding die member against the liner being installed In the 
conduit by a substantially constant force. 

My invention will be better understood by reference to the follow- 
ing description and the accompanying drawings wherein : 

Figures lA, IB and IC, taken together, constitute a partial sec- 
tional view of a preferred embodiment of a liner expaodiog tool aeeoxdlag to 
the present invention; and 
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Figure 2 l8 a sectional view of the apparatus of Figure lA taken at 
line 2-2; and 

Figure ^ is a typical plot of applied Load versus Deflection for 
the constant force spring device of the invention. 

Beferring to the drawings. Figure lA is the bottom portion of a 
liner expanding tool for use In installing a metalUc Uner in a well, while 
Figure IB iUustrates the middle section of such a tool and Figure IC repre- 
sents the upper section of the tool. The expanding tool 11 Is attached to 
standard weU tuMng 12 by coupling 13 and, typically, may be lowered from the 
10 surf see through a veil casing (not shown) to a point in the casing at which it 
is desired to Install a metaUlc liner. Before inserting the tool Into the 
well, an elongated verticaUy corrugated liner 14 fabricated from mild steel, 
or other suitable malleable material, is placed on the tool. Ofce corrugated 
liner Is secured in position by contact at its upper end with a cylindrical 
shoulder member 16 and, at Its lower end by contact with a first-stage expand- 
ing die 17 in the fom of a truncated circular cone which serves as a firsts 
stage expanding die in the manner hereinafter described. The expanding die Is 
fixedly attached to a centrally located, elongated cylindrical hoUow shaft 18 
which forms a portion of the body of the tool. As shown, the expanding die 17 
20 is held in place between a lower shoulder 19 and collar 21 threaded onto the 
shaft. A pluraUty of movable arms 22, preferably provided with outwardly 
enlarged portions 23 near the top, ore disposed In the fora of a cylinder 
around shaft iB. The enlarged portions of the axns 23 upon being moved out- 
wardly contact the liner to perform the final step of expanding the corrugated 
liner into a substantially cylindrical shape. The am members 22 are pivotally 
attached to the shaft so as to be movable outwardly from the shaft by a tapered 
expanding member 24 slldably positioned on the shaft to serve as a second-stoge 
expander. The surface of the member 24, as shown, moves upwardly along the 
shaft to engage with the onns and move them outwartly. Advantageously, the 
30 Inside surfaces of the arms 22 and the outside surface of expanding member 24 
form mating sections, typically octagonal in shape. The expansion of the arm 
members is controUed by the position of the member 24 irtilch moves upwardly 
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20 



30 



until It contacts ahoulder 26 provided on the ehaft. As member 2^^ moves In a 
dovnvordly direction urms 22 fold Inwardly tovartl the shaft. The expanding 
anas 22 are held in place on the shaft by collar 27 and circular groove 28 
provided on the shaft. 

The expanding tool, comprising the first-stage die and the second- 
stage die is drawn through the liner to expand it in place in the casing, ihe 
flrat-atage die provides a gross deformation of the Uner so that it Is 
expanded outvardly against the wall of the casing. The second-stage die then 
passes through the Uoer and performs the final expansion to smooth the Inner 
surface of the liner and to provide more even contact between the liner and 
the wall of the casing and effect a fluid-tight seal. 

In operation, the liner setUng tool is assembled at the surface, as 
described above, and a glass cloth saturated with a resinous material may be 
wrapped around the corrugated tube to fom the Uner. The assembly is lowered 
Into the well at the location at which the Uner is to be set. A liquid, such 
as oil, is then pumped under pressure down the well tubing and flows throu^ 
the passageway 29 provided in poUshed rod 31, through porta 32 and into cyUn- 
der 33 connected to the upper end of the shoulder 16. Vpon the applicaUon of 
fluid pressure to the cylinder, the piston 3U secured to polished rod 31 moves 
upwardly in cyUnder 33. Aa shown, rod 36 connects polished rod 31 and shaft 
18 upon which is mounted the first-stage expanding die 1?. When the piston 34 
moves upwardly through the cylinder 33 the expanding die 17 and the second- 
stage die 22 are drawn upwardly into the corrugated liner Ik and "iron out- 
the corrugations in the liner, so that the expanded liner may contact the 
Inside waU of the casing in which it is being installed. Positioned on the 
shaft below the expanding member 24 is a constant force spring oeober yf which 
is employed to urge the expanding member against the expanding arms 22 with a 
substantially constant, force. The force exerted against the arm membera being 
substantlaUy constant, the force transmitted through the arm members to the 
liner and to the casing wlU be substantlaUy constant so that either sUching 
of the tool in the casing or rupture of the casing is precluded. Of course, 
the force provided by the spring member is preselected so that the fnctloaal 
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forces betveen the tool and the liner and the pressure exerted against the cas* 
lag are maintained at predetermined safe levels. The constant force spring 
member assures that the contact pressure betveen the liner forming portion 23 
of the arms 22 is great enough to provide the desired deformation of the cas- 
ing, while preventing damage to the casing or to the tool. 

TTie constant force spring nenber yi is slidably mounted on the shaft 
Id and held betveen the expanding element 2k and a cylindrical lover shoulder 
member 38 forming a portion of a differential sorev element 39 which transmits 
the loading on spring member 37 to shaft member 18. The differential screw 
element comprises shaTt member 18 on the outside of which are cut male threads 
l8a, the lover shoulder member 38 provided vlth female threads 38a and thimble 
member hi provided vlth threads kls. and klh on the outside and the inside, 
respectively, to engage vlth threads on the shaft and the shoulder. The tvo 
sets of threads are coarse, such as square, modified square, or Acme threads, 
to vithstand very hig^ loads and differ in pitch so that shoulder 3d is moved 
upvardly on the shaft 18 vhen the shaft is revolved relative to thimble ^1. 
The shoulder 38 is secured to the shaft 18 by splines U5 so that it can slide 
longitudinally, but it is not free to rotate on the shaft. Fixedly attached 
to the lover end of the thimble Is a friction member, such as bov springs 42, 
a hydraullcally actuated friction pad, or other such device for frlctlonally 
engaging with the inside wall of the conduit to secure the thimble against 
rotation with respect to the shaft. Preferably, the direction of the shoulder 
member threads 38a is the same as that of the shaft threads l8a, e.g. rlg^t- 
hand threads, and the pitch, or lead, of threads l8a Is slightly greater than 
that of threads 3da, with the pitch ratio being close to unity. In this 
manner, clock-vlae revolution of the shaft relative to the thimble causes 
shoulder member 38 to advance ^pvard slightly and a compression load is exerted 
upvardly on spring element 37 to cause buckling* For example, one satisfactory 
differential screw vaa made ualng five and one-half threads/inch square 
threads on a shaft approximately 1.7-lnch outside diameter and five and three- 
quarters threads/Inch square threads on a shoulder approximately 2.3*lnchea 
inside diameter. 
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Constant force spring element 37 comprlsee coluom element k^, advan- 
tageously consisting of a plurality of elongated columns disposed around shaft 
Id. l^per bearing pldte member kk is in contact vith the upper ends of the 
columns and is slidably positioned on shaft l6 to transmit the force of the 
spring longitudinally against the bottom end of expander member 24. Lover 
bearing plate member k6 contacts the lover ends of the columns and is moved 
upvardly along the shaft by longitudinal movement of lover shoulder 38 as a 
result of revolving differential screv element 39* Grooves 47 are provided 
in each of the bearing plates, to form an upper race and a lover race, into 
10 which the ends of the columns are Inserted. These grooves may^ shaped to 
conform with the s.-ispc of the column ends if desired. A cover 48 may be 
employed to exclude foreign matter from the spring mechanism and to protect 
the spring. 

A means for limiting the deflection of the columns is required. 
Althoiigh the column element functions in a buckled condition, application of 
excessive compressive load thereto would cause total failure or rupture of the 
columns. Therefore, a pair of stops 49 and 49a are provided for this purpose. 
As shown, the stops are rigidly connected to the bearing plates, and, in 
effect comprise yxpper and lower limiting sleeves positioned on the shaft to 

20 slide longitudinally thereon. The ends of the stops may mo^e toward, or away 
from, each other as the load on the spring member varies. Lover sleeve 49a 
is prevented from moving down by lover shoulder 38 connected to the shaft 18. 
However, the spacing between the ends is such as to limit the longitudinal 
travel of the bearing plate members as they move together to prevent permanent 
defomation of the col\xmn element 43. Various alternative means for prevent- 
ing damage to the column element nay also be employed. For example, pins or 
rings mounted on the shaft may serve as stops, or the cover 48 provided with 
suitable connections may be eiqployed for this purpose to limit longitudinal 
and/or lateral deflection of columns. 

30 The columns of the column element 43 may be arranged around the 

shaft 18, which as shovn here fozms a portion of the body of the spring 
device, with ends of the column* fitted In the races 47. The coluoas may be 
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ntted closely together as shown, or nsay be spaced arouna the race, uith scpa- 
raters used between them to maintain the desired spacing. The number of 
columns employed will depend upon column characteristics and the materials of ' 
construction. For example, the slenderness ratio of the colu=:n may be varied 
videly, and the column endi may be round, flat, flxel or hinged. The preferred 
construction is a thin, slender column with rounded ends, free to move within 
the races shaped to the curvatu: e of the column ends, yiterials which may be 
satisfactorily employed for the coluninc are carbon and low alloy steels, 
chromium and nickel-chromlum stainless steels, various copper base alloys, such 
10 as phosphor bronze, beryllium copper, the high nickel alloys and other similar 
materials providing satisfactory mechanical properties. Typically, the indi- 
vidual columns are of long rectangular cross-section, with the width being 
greater than the thickness, and arranged so that the wider face of the columns 
is normal to the diameter of the dhaft. Thus; ^Ith sufficient compression 
loading, the columns buckle, and bend about the axis having the least moment 
of inertia, e.g., outwardly away from the shaft 18. 

For example, a group of columns 0.l67-inch thick by 0.438-iach wide 
by 10.626-inche6 long, with the ends rounded, were fabricated from A.I. S.I 
h^hO steel, quenched and drawn at 575*?. Bach colurm was found to require a 
20 critical compression loading of 450 pounds in order to buckle the column. 

After buckling, the columns were found to have a very flat spring characteris- 
tic, as shown in Figure 3, wherein is the critical buckling load and point 
C represents the load and deflection at which the stress in the extreme fibers 
of the column exceed the yield point of the material. TheoreticaUy, the shape 
of this spring characterisUc curve is described by curve OA'ABC?. Actually, 
this curve is described by OABC due to friction in the system. Points A end B 
represent typical- working Uialts, which, of course, may be varied according to 
the application for which the spring Is designed. For example, where a large 
number of flexing cycles are not anticipated, a working stress Just below the 
36 yield point may be used, while with, a great number of flexures, the working 

stress may be held to less than the endurance Ualt of the material of construe- 
tlon. In the above-mentioned tests, the lat^eral deflectl,on .was limited to 
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epproxlnately ooe Inch, at which the longitudinal deflection vas approximately 
0.225 Inches. Prom zero deflection to the nuucUnum deflection, the kJO-pound 
loading vas found to be substantially constant. 

In another test a spring device vas built, as shown, employing 20 
columns, each having a critical buckling load of 1250 pounds. The lateral 
deflection vas limited between 0 and about 1.00 Inehea by appropriately posl- 
tlonlng the stops. Upon compresslonal loading, the spring element buckled at 
substantially 25,000 pounds and from a longitudinal deflection of 0.0l» Inches 
(buckling) to about O.I5 Inches the load remained aubetantlaUy at 25,000 
10 pounds. 

Of course. In designing a spring element as above it is advantageous 
to obtain the greatest possible value of longitudinal deflection for specified 
values of lateral deflection and critical buckling load, while maintaining 
the stress level In the columns at a safe level. n»e preferred columns, there- 
fore, are laidnated, as shorn In Figures IB and 2, with multiple flat members 
making up each eoluaa. 

In the operaUon of the above expanding tool for setting a Uner 
in well casing, the made-up tool Is lowered into the well as mentioned above, 
with the arms 22 la the retracted position. When the tool is at the desired 
20 level, the weU tubing Is revolved. n» frtctloa member k2 engages with the 
wall of the casing and prevents thimble kl from revolving. Hith several 
revoluuons of the tuMag, lover shoulder 38 is m>^ upvartly by dlfferenUal 
screw 39 to buekla spring element 37 which has a predetezmlned critical 
buckUag load. iMa load is transmitted upwardly against the lover end of 
eigoaader », and its tapered surface is engaged with the tapered surface on 
the inside of the anas 22 to urge the ams outwardly with a substantiaUy 
constant force proportional to the critical buckling load of the spring 
element. Subsequently, the ejcpaadlng tool is passed through the liner to 
expand it m the easing la the manner described hereinbefore. 
30 The foregoing deserlpUon of a preferred embodiment of mr iaventioa 

has been given for the purpose of exampUflcation. It wiU be understood that 
various modifications in the details of eoastructioo will become apparent to 
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the artisan from the description, and, as such, these fall withm the spirit 
and scope of my Invention. 



10 



20 



736288 

I CLAIM: 

1 X. A device for expanding a metallic 31ner Inside a conduit which 

2 device ccmprises a shaft element, an expanding die member attached to said 

3 shaft element, said die memher comprising a movable liner-forming member 
k positioned on said shaft and being radiaUly movable in respect thereof to 
3 contact said liner, an expander member slidably positioned on said shaft 

6 between said shaft and said die member to move said liner-forming member 

7 from said shaft, and a constant force spring member positioned on said shaft 

8 to contact said expander member and to maintain said expander member against 

9 said liner-forming member, whereby said liner-forming member is urged against 
JO said liner by a substantially constant force. 

1 2. In a device for installing an expanded metallic liner in a 

2 conduit wherein an es^anding die is moved through a Uner positioned in said 

3 conduit to expand said liner: a cylindrical shaft elsaent, an expanding die 
k member attached to said shaft, said die member comprising a plurality of am 

5 meinbers disposed around said shaft and being pivotable outwardly therefrom to ' 

6 contact said liner, a cone meniber slidabOy positioned on said shaft between 

7 said shaft and said am members to urge said arm meobers outwardly frcn said 

8 shaft, and a coastant force spring meniber positioned on said shaft to contact 

9 said cone member and to maintain said cone member in contact with said am 
10 members, nAiereby said am members are urged outwardly by a substantially 
U constant force. 

1 3* 0316 device of Claim 2 wherein said constant force spring meniber 

2 comprises a plurality of coXumns disposed around said shaft, a first bearing 

3 plate meniber and a second bearing plate member, each of said bearing plate 

If mesibers contacting oppoBlta eada of said columns, at least cne of said bearing 

5 plate m6na>er8 being aovably positioned on said shaft and being in contact 

6 with said cooe aeniber» stop Deans connected to said shaft to Halt the ^ ?cl'^l 

7 travel of said movable bearing plate mentber along said shaft, and ccnqpreasion 

8 means for malntalnlpg a lateral deflection in said coliama. 
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The device of dala 3 wherein said ccB^sslon means coiqinsea 
a differential screw connecting said spring member and said shaft. 

5. The device of Claim 3 vherein said atop means comprises a 
sleeve-Ute element connected to said movable bearing pUte member and 
slldably positioned oq said shaft and a member connected to said shaft to 
limit the travsX of said aleeve-U^ element. 

6. The device of GLaim 3 vherein said columns have a rectangular 
cross-section, the width being greater than the thickness, and having the 
wider fisiee noraal to the diameter of said shaft. 

7- A device for Instanin g an expanded metallic liner in a coMult 
which con?>rlBes a cylindrical shaft element; an expanding die oember mounted 
on said shaft, said die member contprising a pluraUty of ana menibers disposed 
circumferentlallor around the outside of said shaft ax^ being plvotable out- 
wardly therefrom to contact the liner; a conical expanding member sUdably 
positioned on said shaft between said shaft and said ara oeobers to uzge said 
arm members outwardly from said shaft; a plurality of slender columns, each 
having a long rectangular cross-section and disposed circumfeientlaUy about 
said shaft; an upper bearing plate member and a lower bearing plate meinber, 
each slldably positioned on said shaft and contacting opposite ends of said 
columns; limiting sleeves attached to each of said bearing plate izembers 
and slldably positioned on said shaft; a shoulder member on said shaft; a 
differential screw element connecting said shoulder and said shaft to apply 
a buckling load to said columns; said- shoulder being engageable with the 
Halting sleeve connected to said lower bearing plate member, vheiely the 
axial travel of said bearing plate members is limited; said column ioembers 
tranoffllttlng their budOlng load to saU azm members to urge said aim nembers 
outwardly with a s^tantlaUy constant force. 
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» ta a ni^ w » u um ai< i i> » ilH M MvlWt^ • «VHaa 
teflsa. •ttw d^Mto af lan«tl» will «l»">*> V 

Mfinua «o tt» ftflaali««aMifivMa» af ika laMnMaa. 

k liimJi III alta tte sTMoa laMatun Ikm t9 tciffUii a 
•i^k f^ra syilM *wflw ■««P»l^ • V>4» aMkar, m ^Sam^^ Bai^ 

•lMat«i|a«B%MU.«p4#aMi»r. W«t«» lUia ai^Ma o«rtac%<a« »• tao 
^ At MSA od» afe iMat CM «f \mMlM ti*^ m^ m w taiat Ingl- 
• i Ti^'^^^'y i0mV« ta ravwt of tte otM «aa wtapmm9 m mSA. My aWkar 
« Uat« «a AbCUMIm of mIA aotea 1 1 a na l to ix«^:«i pttmami Mnmi 
«qi or -att ate alaniA ^ tta wUnrMoa ar a i 



i^l^ AMla* t* M9la|i« is a toal ft* a« 
a MMaltv mSA «w%n% npraa ni t i f 4M« 
%o w «a MqMflliis tU «l>i«r a^i^ tka U« 
ooateli t7 a tiAataatlally ca«»l«M forw. 

^ aAtUir «iU ba teMv iMiTrtnnH V J t U fiaii li tlM ftUaw- 

» ncpao U» U le* %rta» ••Pthar, (MUtala a |»Ma iaa- 

tisMtl na« o< a i^aftinA •■^irtlMii a liaar < 
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VIVB* 3 Is » «nA«*l ytol. or XeU vcm o»Ci«eti«a tar 

tUMT * Tr***-f toeft 1^ is iMtsUU^ • avIiklU* llBtflr 1« • veil. ^ALlM 

9l^m U IIIMliliii «Ni alMte tUm of » %ag». fflm 30 fC|)r«. 
•MU tM miiia or tta taol. Ita i^irftt^ U 1» rt ^ a^ i* ^ 

» MM Iknn^ • M mMim %» to «hi pmiIm m «tt«b U 

W ttftinft 4» IwWXi * MtMUlA Unr. 9»tm* i Mi rtl i i M» tnl 

a tlHtpM vsmc&Uy suitH^ IIMt 11^ fibrlcsM tr^ ^Uft vtaal, 
m altar MdlvWs iimrtli aatartia, 1« pt m a4 « tta «*• «enq9taA 

Uw 1» «MaMtt la joidtlaa ^ ««ttMt ti it* t^sv sitt «lth s cyUadrtssl 
BteM3««r M^ar 16 «« !%• lamr tuft cvataci » flnt-aAMP 

«U IT tte f m 8tf • VAMti& dnoln dom* ■■■ «■ « /IKV 
■tMJ iiiiHim ill 1i ItM ijj I liffl-nniflT- fi — r"-^ ^i* upandia^ A1« U 
ftnUy tD • aKta«U7 lfl*MM, •lApMt cvMo^csl Inllov itaf^ 33 

MAfMi s jorttoD or tto vai^or tte teA. <»o», ts» ■i in o fltng ito i? 

yarttm 0 timU^w^ «U«QMfl u Dm Itom of » ifUaiir 

iJU^Mrtif BW otfrfm oT tiM m^^ttt *• abon, aim* tt^rils •lee^ tlv 

90 loiUs amtuam of tto o^ fl2 ^ «k» OOMIM mftM lii^irtlng m^mr 8% 
fttfo MUSf aoaUn, %9Vim^ omU^pmml 1* «h*»a. »• «i|PW«los »r tk> as 
s« n"^'^ >r tn* «aBia« of tt* Mter fl% tlOch Aom ^onUy 
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AM t2 toU to M tt» •haft W ctOit 9t nd cUrvItr em» 



«te or Mdat •met « nm^-ti^A Ml. 

uCa U» wU «S W iawUoB ■» Umt «■ to t» Mt. A uqaM, mch 

tbt iMtWfT t» fmlM iA poiltibU >e& 51, tim^ fort* ^ «ad toM «fUs- 

flidt frtraiM to kto fl^Uater* >^ ta paUaM tol » aawa 

iQMMly la Vtsate l>. to Ocas. nA 36 oomU paUihaS loS 3l. AM lUlt 
18 ^oa la BMt^ «M fint-ataia la^ ai ni^ Ala 17. -Vtaaa tto sSMcn 

» thm^ tM «1i>Aac » tto aivaadsacdSa n.aaA na I 

a n aaa iVHHlr iB«o ^ < 



*— .a. Mil Of tl» OMliflA tt Sa Mag 1AA«iUa&. MtSowt cn tte 

•iMft bAlfl^ tlM MQaaiBg Mdtar' * U a acnatwiV coma ^pvlas aaatoer 97 «td(Ak 
1* B^tof^ •» wii »Aa aiwaaAla* •«J^"4* 
aitetMtlaUr •BMUafc.ftrea. «k roraa aiarM A^taat tte i 
yyt.«*>.,»i«iiy ooAstttV tte ,fQro» traualtt^ tltrm^ taa aim i 
Uair to Ite oaaUli flU ta aiAatiittlOUy- MeataaA aa twt 
«e ite tool U tte omXmg «r fWBBO Btf Ite cwdaft Ja jawliM. W i 
«teoo fw*«at »r tte iiolaf aoate* 4t |fl«aalocloi te •at tte I 
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fM« Uvmmm tho twl m« tte iSMor aoA v»«m«m caHtflA «^<nt ite «»- 
d«d Mfb «» uuM tw i ear- qsiaa 

MP* 83 i» tract Mntsv w jr«nAi tiM tMUa i«rma<B «r tk« Mif 
Mr ia YM cMtelic «r «Mak sm i 



9( iTiTwIf «^ •oMtes** racb «« ffi^iv* "oWl"* •» 
1o vittati^ Id^ ni «lft«t ib ilteh w Manlin* 39 U • 

pwtrtlrni ttw aten iBte «« Ml U jmwi nUAiw to lUiMfl 
Ste rtioim JO 1« MMMi to Id V ^ w M«t Ml 

U^t^iaOJtf* %ot It !• !»■• to xototo m YLvUy anMhad 

» k^AianllMUj Miaaud iMotSoK *tot fir ««tor nsi^ i«vlM fte m«UQ0Blty 
M^kM .^tk SMfato mil «r U» «M4^i to «««^ ito IMiM* wi^aMt 

ItawA* 36* !• «to M «to(t fto ^htft. ttowla A. 
M «Mto« «A tti « «r «aMto tfk ttf iUiMr rwto» 
iM^ tr tti^ 96^, »ia tM sltoli «««to tone nikmm to aAt^. » toto • 
■BM, «to8k-pl«« r.wtt« of tot Am i-lrtlw tto 1Mi«to 

aiff»rBi*UX -aw-to. flw «i*-tolf UA^/I»A 

tkM^ M • iktft w«i»toJy X.T-i«Bb couito U »> w «ii mA iM- 
I ihiMtt a » ■taMMo ■gp mil — toTy fl.9-l«(<w« 
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MMM it allMU jMlUnnn^ w Jfi t»wwK* M- iB*t» of tte 
S^iMiMUy nfflffTi tte toUi^ •bA tir mfm^ water i*. Imct 
kMiSM avAv MfMM fhn 1o««t itfl* tto nd It WfvA 

is nwfe vr M» hMrl^ tA (tew m iMt m& s Imr nM« tato 

M OBilid* wtUr ft» Vkm •m^M skMm ta |ntoel 



r H^OTiMt MA ttevte ^DitU tMiM toftd. miM>« tr nyitvo «r 

• i*ir of tUv* -ft *S» «• thhMM thl« p«*a-*. 
to tea, ib» •tcBt m rliUlf ccmtttat »• W1b« >1*u*, uA, la 

03 ftlMa ItftglfeDdlMUr iMnn. tti a«t or tM tanB«« «r txv 

^ ^ ttm 1* M to llaiV V« loB«lt«diBU 

AaCWkMtlaa of ^ aliiw^ «rtoBa aMaMfttlw smm «m««I^ 

li« Mat* to Ite oolMtt aiMurt c^lavia* rer ampto, ^ua or 

•Bd/« lataraa aaflaetlM oT aoiaao*. 

tta aolw of taa eata tU>mA »• trMac^ aroaiA u* 

«Mft lA» M tlno taf» Mm « rvttM «r Ua My of ua I 
•afla»« Mtii ^ cf ika aOte» flMol U tto lo^ ^T. «■ • 



ESiEiisiim' 



httpy/patentsl .icgp.ca/fcgi-bii]/any2htm2 



007362S8dia.a4IVge7 





til- 






sm 







ricud eioMl7 to^Ukr m ahovB, or itmrad u« vtib pc**- 

I w« totaom tiM i» aUsUlB %tm SmittmA pittas- ^ ^ im Mi af 

»%nMU^. Iter cbufL*! tJt^wrmn n«lo of coIm mj W miiM 
tk» new la^M* to ite ovmMr* « tte Mtan «^ 



mtmwUiB vMfiaiM Mtuofict«y ti»o« i — I yMgwttoo.. ^tUmtij, tt* UH- 

U •oohX te \A> OlMtv or U* aMft. Itav, ■tffulw^ «oi#nMlw 
«r iawlla, «MMrnU7 wmj trm \^ ^imtt IB, 

V I0.6a6$-l»eliw lent, tBa* tv^M, m MAmM twm A.1^<Z 

» ctltlMl iiPlirtwInn Imtlm^ U ^ povA* 1- to tooUa U» «A2»a. 
. iurt«r «MttUi« tto toliM «MW CMl to toM « «ny flM < 
wo, u •!» IB 7Ua« 5. to tto «H%i«a totolUt li 

0 !■ toa 1^ mA toflMiSoK «i too aiivM to Ito i 



I «toMM«rlittc «m !■ dMwLtoa ^ «im Qi'UO. totoally, 
tM* o»r» la AMttoi *»«• ^ frtolioo Sa ito «y#tM. Wi*to A «i S 

Mgmct twtoftl iMB« liaAU, tMeh. «f earn. ^ to mvAtot to 

U« ofif UHtSes tot i«Aah tto tprtos i» daaft^aA. Mr «OBvto« » toiv 
Bi^bM> or ftoxUc oivMft m imA Mtlo&i^tod^ • wMag tUBM >H« tolMT tto 
)0 |i«U FolAk ^# • i**^ niaM, Ito mkto« 

^ **** to Was «to» too onSoErve* if ml^ ed to* aMtort*! ooMtoK 
WW. to Ito Jhuii Millimrt %tot«, tto totoi«> toAMlSw w ^toA to 
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IK^. -t« «»ffla«tt«B W Urn MAIM ««f]«««>«* »»• Wf*"* 



»t«— 1,1, — teHMUw «M •noxal l«adt 



l> tt. cpw^.^ or ti« ^ u^ tw n i Mg W ftr « 

Mat «viM«J# a^te* * 
r ^ 1^ Ito Up*nl wmitm U mmpA 'itto tagmti. wxtxtmm 

tt« fwirirg «*Mii»tt» flf • tttdmA l enti l" !* V 
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